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DiffusionAbstract Purpose: The purpose of this study is to assess the value of adding diffusion-weighted
sequences (DW) to routine magnetic resonance imaging (MRI) in identifying and locating nonpal-
pable undescended testes.
Materials and methods: This prospective study included 51 patients with age ranges from 2 to
15 years presenting with non-palpable undescended testes. MRI was done using1.5 MRI machine.
MRI examination included axial and coronal spin-echo T1-weighted sequence, axial and coronal fat
suppressed spin-echo T2-weighted sequence and axial DWI. Images were interpreted for the pres-
ence or absence and the location of the undescended testes. Testes were recognized by their elliptical
shape and hyperintensity. Testes were classiﬁed into three anatomic regions: intracanalicular, low
intra-abdominal, and high intra-abdominal. Laparoscopy was used as a gold standard.
Results: Conventional MRI showed a sensitivity, speciﬁcity and accuracy of 87.23%, 50% and
83% respectively. DW MRI showed a sensitivity, speciﬁcity and accuracy of 91.5%, 66.7% and
88.6% respectively. The combined usage of conventional and DW MRI yielded a sensitivity, spec-
iﬁcity and accuracy of 95.8%, 100% and 96.2%.
Conclusion: DWI especially performed at a high b value improves detection of undescended testes.
 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. All rights reserved.ed.
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Undescended testis or cryptorchidism, a condition in which
one or both testicles are not appropriately positioned in the
scrotum at birth (1). It is the most common congenital genito-
urinary anomaly in boys and has an incidence of 1–3% in term
and 15–30% in premature male infants (2,3). The etiology of
cryptorchidism is not well understood. The undescended testi-
cles may be palpable or nonpalpable, approximately 20% of
undescended testes are nonpalpable and either located in the
abdomen or the canaliculi, or atrophic or are completely
absent (4,5). Cryptorchidism is associated with impaired fertil-
ity, inguinal hernia, and increased risk of testis cancer (6–8).
Proper diagnosis and localization of undescended testis is
essential for appropriate management which may include
watchful waiting, hormonal treatment, or surgery (9). Accu-
rate presurgical diagnosis of an absent testis would spare a
child an operation, and correct localization of a testis could
limit the extent of surgery and anesthesia time (10).
At present, ultrasonography (US) and magnetic resonance
imaging (MRI) are used for diagnosing a non-palpable testis,
because they are basically non-invasive, and do not involve
ionizing radiation (11,12). MRI also yields excellent soft
tissue contrast even on unenhanced images (9). The accuracy
rates of diagnosis and localization of a nonpalpable testis
with MRI (85%) and ultrasound (84%) are nearly equally with
no statistically signiﬁcant differences (13,14). Diagnostic lapa-
roscopy has been established as the most reliable diagnostic
technique for localizing nonpalpable testes with nearly 100%
sensitivity and speciﬁcity (1,14–16), However, it is an invasive
technique.
Diffusion-weighted MRI (DWI) has been established as a
useful functional diagnostic tool in urogenital imaging (17).
A few recently published reports have addressed the diagnostic
performance of DWI in the evaluation of various scrotal
pathologies such as detection and localization of impalpable
testes, diagnosis of testicular torsion and differentiation
between normal, benign and malignant scrotal contents
(9,18–20).
DWI facilitates characterization of tissue at the microscopic
level in a mechanism different from T1 and T2 relaxation (21).
The degree of restriction of water diffusion in biologic tissue is
inversely related to tissue cellularity and the integrity of cell
membranes. At DWI of the abdomen and pelvis, the testes
have high signal intensity due to their high cell density (9).
The aim of this study is to assess the diagnostic accuracy of
adding diffusion-weighted sequences to routine MRI in identi-
fying and locating nonpalpable cryptorchidism.
2. Patients and methods
2.1. Patients
This prospective study was approved by the ethics committee
of our institution. During the period between August 2013
and June 2014, 51 boys (age range from 2 to 15 years with
mean age 8 years) with 53 non-palpable undescended testes
unilateral in 49 patients and bilateral in two patients) were
referred from the urology and pediatric clinics for MRI exam-
ination. Patients with ambiguous genitalia were not included in
the study. Abdomen-pelvic and scrotal ultrasound wereperformed for the non-palpable undescended testes, however
results were not conclusive.
2.2. MRI protocol
Preoperative abdominal and pelvic MRI examinations were
performed with a 1.5-T MRI system (Achiva, Philips Medical
Systems, Koninklijke Philips Electronics N.V) using a body
coil. Abdomen from the renal area above to the scrotal region
below was covered. Children below 5 years were well sedated
with chloral hydrate and well immobilized during the examina-
tion. Conventional MRI examination included axial and coro-
nal spin-echo T1-weighted sequence (TR/TE, 450/10; ﬂip
angle, 150), axial and coronal fat suppressed spin-echo T2-
weighted sequence (5500/90; ﬂip angle, 150), and axial DWI
(matrix size, 190 · 190; number of slices, 30; slice thickness,
4 mm; interslice gap, 1 mm; ﬁeld of view, 50 cm2; number of
signals averaged, 5; acquisition time, 5 min). DWI was per-
formed with b values of 50, 400, 800 s/mm2.
2.3. Image analysis
Images were interpreted for the presence or absence and the
location of the undescended testes. DWI images were reviewed
ﬁrst. Testes were recognized by their elliptical shape and hyper-
intensity. We used conventional MRI for anatomic localiza-
tion of hyperintense elliptic areas on the DW images. On
conventional MRI, elliptic areas that appear hypo/isointense
on T1WI and hyperintense on T2WI were reported as testes.
Although we used different b values in DW images we relied
on images done at 800 s/mm2.
For localization we followed the scheme used by Kantarci
et al. (9) in which undescended testes were classiﬁed into three
anatomic regions: intracanalicular, low intra-abdominal, and
high intra-abdominal. Testes close to and below the inguinal
ring were considered intracanalicular, testes above and close
to the internal ring were classiﬁed as having a low intra-
abdominal location around the iliac vessels, testes more than
3 cm from the internal ring were classiﬁed as high intra-
abdominal location (9).
2.4. Laparoscopic examination and histopathologic conﬁrmation
Laparoscopic exploration was done for all patients to deter-
mine the location of all nonpalpable testes at the internal
inguinal rings and abdominal space. Biopsy samples were
taken from all testes and were examined histopathologically.
Patients were in supine and 10 head down position. Access
was obtained either with a veress needle technique, or via the
open technique. Pneumoperitoneum is created with CO2 at a
ﬂow rate between 8 and 10 L/min with a pressure limit of 8–
10 mmHg. There are three distinct possibilities on doing lapa-
roscopy for non-palpable testis:
1. Testicular vessels and vas deferens are present and enter
into the inguinal canal that indicate presence of viable
intracanalicular testis or an intracanalicular or scrotal
atrophic testis.
2. Spermatic vessels and vas deferens can be identiﬁed. They
end blindly without any detectable testis (vanishing testis).
3. Intra-abdominal testis.
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The sensitivity, speciﬁcity and overall accuracy of DWI in
detection and localization of nonpalpable cryptorchidism were
calculated in comparison with the gold standard (Laparo-
scopic Findings). The probability (p value) of less than 0.05
was used as a cutoff point to determine if there is statistically
signiﬁcant difference between different MRI sequences. Data
entry was done by SPSS version 13 and analyzed by the same
software.
3. Results
We used laparoscopy as the gold standard for our study.
According to laparoscopic ﬁndings there were 47 undescended
testes, 6 were considered agenetic (negative). Testes were
located in intracanalicular location in 26 cases (Fig. 1), low
intra-abdominal in 15 cases (Fig. 2) and high intra-abdominal
in 6 cases (Fig. 3). Table 1. (Fig. 4) is an intra-operative pho-
tograph for low intra-abdominal non-palpable undescended
testis.
On Conventional MRI testes were recognized by their char-
acteristic signal intensity. According to conventional MRI, tes-
tes were recorded abnormally placed in 44 patients, 3 cases of
enlarged LNs were misdiagnosed as the undescended testes
and considered false +ve cases according to laparoscopic
results. In 9 cases testes were not seen by conventional MRI,
6 of them were atrophic and overlooked by MRI and consid-
ered false ve and in 3 cases testes were agenetic according to
laparoscopic ﬁndings. According to DW MRI, testes were
recorded abnormally placed in 45 patients, 2 cases of enlarged
LNs were misdiagnosed as ectopic testes and considered false
+ve according to laparoscopic ﬁndings. In 8 cases testes were
not seen by DWMRI, 4 of them were atrophic and overlooked
by DW MRI and considered false ve, and in 4 cases testes
were agenetic according to laparoscopic ﬁndings and consid-
ered true ve. Using both conventional and DW MRI, testes
were recorded abnormally placed in 45 patients. In 8 cases tes-
tes were not seen, 6 of them were agenetic and considered true
ve and in 2 cases testes were not seen because these wereFig. 1 Axial T1WI (a) shows isointense intra canalicular undescende
800 shows the hyperintense right intra canalicular right testis (arrow).atrophic and overlooked by MRI and considered false ve
(Table 2).
Combined usage of both conventional and DW MRI had
the highest sensitivity (95.8%), speciﬁcity (100%) and diagnos-
tic accuracy (96.2%) for detection of undescended testes
(Table 3). There was a statistical difference between conven-
tional MRI and DW MRI (p = 0.04), and between conven-
tional MRI and combined conventional and DW MRI
(p= 0.02) for detection of non-palpable undescended testes.
Diagnostic accuracy of conventional MRI, DWI, and com-
bined conventional and DWI in detection of non-palpable
undescended testes in correlation with its site is given in
Table 4.4. Discussion
Preoperative awareness of the testicular position in cases of
non-palpable undescended testis is valuable for planning surgi-
cal strategy, facilitating the placement of the surgical incision,
as well as the choice of operative technique, especially when
performing laparoscopic orchiopexy and in the ﬁrst step of
the Fowler–Stephens maneuver in cases of intra-abdominal
gonads (14).
Various diagnostic techniques have been applied in the
localization of undescended testes with varying results.
Adesanya et al. (22) found that ultrasonography is more
accurate (86.5%) than clinical examination in the preoperative
localization of undescended testes in children, this is true for
intracanalicular testis, however ultrasonography cannot reli-
ably localize abdominal testis or atrophic testis (10,14,23).
Conventional MRI is moderately speciﬁc in identifying
absent testicles but poorly sensitive in identifying the presence
of nonpalpable testicles. MRI is less efﬁcient in locating intra-
abdominal functioning testicles and performs modestly well in
locating those in inguino-scrotal regions, but it fails to locate
most of the atrophied testicles, which makes MRI a less reli-
able technique in providing guidance to differentiate those
children needing surgery from those who do not. In a 2013
meta-analysis study, Krishnaswami et al. (24) reported that
MRI correctly identiﬁed nonpalpable cryptorchid testicles withd right testis (arrow), axial DW MRI (b) obtained at a b value of
Fig. 2 Axial fat suppressed T2WI (a), axial DW MRI obtained at a b value of 800 (b) shows the hyperintense left low intra-abdominal
left testis (arrow).
Fig. 3 Axial fat suppressed T2 WI (a), axial DWMRI obtained at a b value of 800 (b) shows the hyperintense high intra-abdominal right
testis (arrow).
Table 1 Location and distribution of nonpalpable unde-
scended testes according to laparoscopic ﬁndings.
Location Intracanalicular Low
intra-abdominal
High
intra-abdominal
Right 16 8 4
Left 10 7 2
26 15 6
Total 47
Fig. 4 Intra operative image for low intra-abdominal unde-
scended testis.
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testicles with a sensitivity of 55% and inguino-scrotal testicles
with a sensitivity of 86%.
Combination of conventional MRI and other forms of
MRI such as fat-suppressed T2-weighted MRI, diffusion-
weighted MRI, or MRA improves false-negative rates and
increase the sensitivity in order to make this form of imaging
more reliable in assessing boys with cryptorchidism (18,23,24).
DWI is increasingly used for the evaluation of extracranial
diseases. The motion of water molecules is more restricted in
tissues with a high cellular density, intra-abdominal testes
are considerably more cellular than the adjacent organs and
tissues and can be detected easily on DW images owing to their
increased signal intensity.
With DWI technique, information is extracted on the diffu-
sion of water molecules which reﬂects the degree of cellularity
of tissue. DWI with evaluation of ADC has been shown to bean important diagnostic tool, providing quantitative informa-
tion regarding structural tissue changes at a cellular level,
which helps in tissue characterization (17).
Using only conventional MRI for diagnosis of nonpalpable
testis, Kanemoto et al. (14) reported an accuracy, sensitivity
and speciﬁcity of 85%, 86%, and 79% respectively. Sarihan
et al. (11) found that MRI had a sensitivity of 78.6% and a
speciﬁcity of 100% in the detection of nonpalpable unde-
scended testis. Kantarci et al. (9) used DW MRI in evaluation
Table 2 Identiﬁcation and location of nonpalpable undescended testes by conventional MRI, DWI, and combined conventional and
DWI compared with laparoscopic Findings.
True-positive True-negative False-positive False-negative
Conventional MRI 41 3 3 6
DW MR 43 4 2 4
Combined conventional and DW MRI 45 6 0 2
Table 3 Sensitivity, speciﬁcity and diagnostic accuracy of conventional MRI, DWI, and combined conventional and DWI for
detection and localization of nonpalpable undescended testes.
Sensitivity (%) Speciﬁcity (%) Accuracy (%)
Conventional MRI 87.2 50 83
DW MRI 91.5 66.7 88.67
Combined conventional and DW MRI 95.8 100 96.2
Table 4 Diagnostic accuracy of conventional MRI, DWI, and combined conventional and DWI in detection of non-palpable
undescended testes in correlation with its site.
Intracanalicular (%) Low intra-abdominal (%) High intra-abdominal (%)
Conventional MRI 80 73 50
DW MRI 86 84 81.7
Combined conventional and DW MRI 88 86.6 83.36
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iﬁcity of 75%, and accuracy of 86%. They reported a higher
sensitivity, speciﬁcity and accuracy when they combined con-
ventional and DW MRI.
In our study and using conventional MRI we reported sen-
sitivity, speciﬁcity and accuracy of 87%, 50% and 83%. Using
DWI we reported sensitivity, speciﬁcity and accuracy of
91.5%, 66.7% and 88.67%. In combined use of both conven-
tional and DWI we reported sensitivity, speciﬁcity and accu-
racy of 95.8%, 100% and 96.2%. For detection of
undescended testes we depended on both the morphological
criteria and signal intensity of the testes. Testes have high sig-
nal intensity, probably due to their high cellular density. Nor-
mal testes have an ovoid or elliptical shape but this is not
always helpful because we falsely reported infected enlarged
LN as ectopic testes. This can explain the 5 false positive cases
detected on conventional and DW MRI. Abdel Razek et al.
(25) found that nonmalignant lymph nodes have homogeneous
high signal intensity on images obtained at a b value of 0 s/
mm2, and they have low signal intensity at a b value of
1000 s/mm2. In our study, the testes had high signal intensity
on DW images obtained with both low and high b value (50,
400 and 800 s/mm2). This can help differentiating enlarged
non-malignant LN from ectopic testes, also this can explain
decreased number of false positive cases detected when we used
high b value and the 0 false positive cases using combined con-
ventional and DWI. In our study we noticed that high b value
is more helpful than DWI at low b value, this is because the
ﬂuid signal from the adjacent bowel and bladder is decreased
also the signal from enlarged LNs is decreased at high b value
while testes were still having high signal in DWI and of course
this helps differentiating ectopic testes from these ﬂuidcontaining structure at high b value, so in our study and
although we used different b values, we ﬁnally relied on high
b value in detecting testes. Kantarci et al. (9) also recommended
using high b value (800 s/mm2) for detecting undescended tes-
tes. False negative cases in our study were proved by laparos-
copy to be atrophic testes especially in patients with older age.
Regarding accuracy of MRI in detecting non palpable
undescended tests, MRI generally has a high accuracy in
detecting intra canalicular tests than intra-abdominal tests, this
may be explained by the absence of bowel loops and ﬂuid in
the intracanalicular region compared with the intra-abdominal
locations.
To the best of our knowledge very few studies evaluated the
usage of DWI in detecting undescended testes.
Limitations of our study include relatively small patient
sample. The limitations of DWI include its poor anatomic
location and relatively poor spatial resolution particularly with
the use of high b values.
5. Conclusion
We conclude that the information from DWI performed at a
high b value improve detection of undescended testes. We rec-
ommend the combined use of conventional MRI and DWI to
increase the preoperative diagnostic accuracy of identifying
and locating nonpalpable undescended testes.
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